In response to foraging for foods that fluctuate in availability, generalists often exhibit the ability to switch between different food sources. Many of the Carnivora on an omnivorous-frugivorous diet display temporal dietary switching and specialism, but the mechanisms underlying this are incompletely understood. Here we studied the diet of the opportunistically frugivorous yellow-throated marten (Martes flavigula) with regard to food-resource exploitation in a subtropical forest of central China. Diet was determined through scat analyses combined with surveys to estimate local food abundance. Peak fruit consumption and the lowest utilization of small mammals occurred when fruit abundance reached its temporal maximum in the environment in synchrony with a concomitant peak in small mammal abundance. When both fruits and small mammals were least abundant in the environment, the marten's diet shifted to the maximum utilization of small mammals with no fruit consumption. This dietary switching could not be explained by the fluctuation in the abundance of principal prey in the environment, that is, small mammals, but by the ease of procurement of fruit at peak fruiting season. The marten's diet thus does not simply reflect primary resource abundance but is a function of the relative abundance and inferred availability of alternative food types. This case study of the yellow-throated marten provides insight into foraging strategies that depend on the relative, temporal availability of food types, a phenomenon observed for other generalist omnivores (including several Carnivora).
variable diet composition (Clevenger 1994; Martin 1994) . In contrast, the diet of martens in more northerly latitudes tends to be rodent-dominated and less variable (Zhou et al. 2011) .
The diet of yellow-throated martens has received only superficial investigation. These martens appear to consume a diversity of rodents, birds, fruits, and small ungulates (Grassman et al. 2005) . Several studies indicate that at high-elevation or high-latitude regions, where fruits are typically not abundant (Ting et al. 2008) , yellow-throated martens are generalist omnivores with diets dominated by animal prey, particularly wild mammals (Bromley 1973; Geptner et al. 1967; Tsai 2007) . Food habits of yellow-throated martens in subtropical, tropical, or low-elevation regions, where fruits are relatively abundant, are less well known.
We studied the diet of the yellow-throated marten from a subtropical forest site in central China. Specifically, in the East Asian subtropics net primary productivity undergoes substantial spatial and seasonal fluctuations, therefore food resources such as fruits vary in abundance throughout the year (Corlett 2009 ). The empirical objectives of this study were to document the diet of the yellow-throated marten with regard to food-resource exploitation under these subtropical forest conditions. We explored whether the martens moderate their diet according to the functional abundance of food types-that is, demonstrate a selective preference irrespective of the abundant food resources (dietary specialism)-or simply track the environmental abundance of key food types and thus exhibit passive temporal diet variation.
MATERIALS AND METHODS
Study area.-This study was conducted in Houhe National Nature Reserve, Hubei Province, central China (30u59N, 110u359E) , an area of 103 km 2 , with a subtropical climate, at an elevation of 560-2,252 m. The main natural forest types within the reserve were coniferous, broadleaf, and bamboo. Rainfall was concentrated in summer and autumn, with an annual mean of 181 cm. Temperature ranged from 26uC to 0uC in January and from 16uC to 22uC in July (Song and Liu 1999) .
The mammal community in the study area includes 87 species (Song and Liu 1999) , of which potential prey for martens include 5 squirrels, 21 small rodent species, and 11 species of insectivores. The main fruit-bearing plants, potentially utilized by martens, are members of the families Rosaceae, Actinidiaceae, and Cornaceae (Genovesi et al. 1996) , which mature between August and November. Outside of these months fruits are scarce, although some seasonal fruits are available, such as Elaeagnus henryi, Fragaria orientalis, and Hovenia dulcis. All plant names follow Zhang et al. (2006) , and all mammal names follow Wilson and Reeder (2005) .
Sample collection and identification.-Fecal samples were acquired during a preliminary data collection protocol from September to November 2004, followed by the adoption of these methods for a longer, continuous sampling interval from April 2005 to May 2006 in conjunction with a study of the ecology and behavior of Chinese ferret-badgers (Melogale moschata) and masked palm civets (Paguma larvata- Zhang et al. 2009 Zhang et al. , 2010 Zhou et al. 2008a Zhou et al. , 2008b Zhou et al. , 2008c . The sample collection protocol followed that of Zhou et al. (2008a) . We established 20 transects of 2.1-3.0 km (X 5 2.7 km 6 0.4 SD, total 5 54.3 km) and 4 m in width. Each transect was surveyed for feces systematically every 2 weeks following the methods of Martinoli et al. (2001) . During the 1st visit to each transect all detected feces were removed to ensure that only fresh feces were collected during later visits. We also collected marten feces opportunistically during research on masked palm civets in the same area (Zhou et al. 2008b ). Location and date were recorded for each sample. Samples were air-dried for a minimum of 4 weeks and then stored in air-tight bags until analysis.
Marten feces were identified according to diameter, shape, texture, nearby tracks and foraging signs, presence of marten hair, and their characteristic odor (Zhou et al. 2008a (Zhou et al. , 2008b . Although 20 other carnivore species have been recorded in the area (Song and Liu 1999) , a camera survey in the adjacent Hupingshan National Nature Reserve (D. Thomas, Ecosystems Ltd., Hong Kong, pers. comm.), combined with our own infrared camera survey and wildlife trade data (Song and Liu 1999) indicated that only Asian black bear (Ursus thibetanus), hog badger (Arctonyx collaris), yellow-throated marten, Chinese ferret-badger, Siberian weasel (Mustela sibirica), yellow-bellied weasel (M. kathiah), masked palm civet, and leopard cat (Prionailurus bengalensis) would leave scats that might be confused with marten scats in the study area. We made a reference scat collection from zoo specimens and from feeding trials (Jácomo et al. 2004; Zhou et al. 2008a Zhou et al. , 2008b to provide a diagnostic comparison for the study. Confusion with hog badger, civet, and leopard cat feces could be avoided easily due to clear differences in odor and consistency (Zhou et al. 2008a (Zhou et al. , 2008b . Ferret-badger and weasel scats also exhibited different odor and consistency and were significantly smaller than those of martens (feces diameter measured from zoo specimens and from feeding trials: marten 5-20 mm, bear .40 mm, ferret-badger and weasel ,10 mm). In addition, the presence of host hairs in samples, identified by microscopic morphological analysis, was used to differentiate species if required (Manfredi et al. 2004 ). Although we used multiple techniques to differentiate samples, feces that could not be attributed absolutely to martens were excluded from the analyses. This countered any remaining potential possibility of misidentifying marten feces as those of other carnivores.
Food identification and estimating biomass.-Feces were washed through a nylon mesh sieve (0.5 mm) to separate food remains. Dietary components were identified to taxa using standard methods (Jędrzejewska and Jędrzejewski 1998 ) based on pertinent anatomical elements such as crania, mandibles, tooth rows, wings, elytra, fruit cuticles, and seeds (Buskirk et al. 1996) . Fruit seeds were identified using a reference collection (Genovesi et al. 1996 ) and the help of specialist J. Z. Song (Huazhong Normal University, pers. comm.) . Invertebrates were identified with the help of specialist L. B. Zhang (Guangdong Entomological Institute, pers. comm.). Vertebrates were identified by microscopic analysis of the morphology of undigested remains such as teeth, hairs, cuticles, and feathers, again with reference to a collection (Zhou et al. 2008a) .
The biomass of different food items consumed by martens was estimated by inference from the average fresh mass of that food item. In the case of fruit, martens prefer multiseed fruit (Zhou et al. 2008b ), and we thus counted the mean number of seeds per fruit and the mean mass of fruits from parent plants for each species collected. For unidentified seeds an estimate of average fruit mass was used (Table 1) . Data on the mean number of seeds per fruit and fruit mass were obtained from Zhou et al. (2008b Zhou et al. ( , 2008c .
For vertebrate prey we assumed that, with the exception of ungulate carrion, individual carcasses were consumed fully by martens (Silva et al. 2005) and that the consumed rodent population had a generally similar per capita body mass to the trapped population. We define carrion as any remains in scats that we could not assume yellow-throated martens killed (e.g., Chinese serow, Capricornis milneedwardsii). For unidentified prey we again assigned average body mass, based on taxonomic group (Zhou et al. 2008a) . Invertebrate prey were assigned their average fresh mass from measurements of specimens in the field (Table 1) . Estimation of leaf biomass, cortexes, flowers, and buds followed Zhou et al. (2008a) . Fresh biomasses were assigned at values of twice their dry mass in feces in accord with the findings of our feeding trials. We did not estimate biomass for carrion, lagomorphs, and eggs. freshly consumed biomass of species or taxonomic group|100 total fresh biomass consumed :
The PO of prey items in the diet (Genovesi et al. 1996; Silva et al. 2005 ) was calculated as:
number of occurrences of species or taxonomic group|100 total number of fecal samples :
The RPO (Loveridge and Macdonald 2003) was defined as:
number of occurrences of species or taxonomic group|100 total occurrences of all food types in all samples :
All 3 measures must be treated cautiously because scats collected in series can contain common contents from a single large meal, or similar locally common small items, but small commonly eaten items can be overestimated (Atkinson et al. 2002) . Food abundance.-We estimated the relative abundances of fruits and small mammals in our study area (Zhou et al. 2008a) . Small mammals were livetrapped (Zheng and Sun 1982) for 2 consecutive nights per month from April 2005 to May 2006 using 10 grids of 8 3 8 traps with 15-m spacing. These grids were deployed to represent the full range of habitat types across the study area. All traps stayed permanently in the field, closed when not in use. Traps were baited with peanuts (Arachis hypogaea), set during the evening, checked every morning, and then closed during the day. Each captured individual was identified to species, weighed, sexed, inspected for reproductive condition, and marked uniquely by ear notching, toe clipping, fur clipping before release. We estimated population densities using the Jolly-Seber method (Jolly 1965; Nichols and Pollock 1983; Seber 1982) for multiple-recapture data from an open population (using CAPTURE-Rexstad and Burnham 1991) and extrapolated to regional abundance (g/m 2 ) in each month using average weight. All trapping and handling procedures were consistent with guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ).
Informed by a previous vegetation survey (Song and Liu 1999) and the experience of local trappers, who reported that certain fruits are eaten frequently by martens in our study area, in 2004 we collected samples from 10 species of wild fruit plants (Actinidia chinensis, Clematoclethra scandens, Sorbus hemsleyi, Crataegus hupehensis, Dendrobenthamia japonica, Diospyros lotus, H. dulcis, Ilex macrocarpa, Holboellia grandiflora, and Kadsura longipedunculata) eaten by martens (see Table 1 ). We added 2 additional species (Dendrobenthamia capitata and Celis biondii) because their seeds were recorded in the fecal samples collected in 2004. Although seeds of A. callosa were present in the fecal samples collected in 2005, their fruits were not monitored, because these seeds were not recorded among the samples collected in 2004. Fruit production was monitored every 2 weeks during the fruiting season along the 20 transects used for scat collection. Total fruit production per tree was estimated by recording the number of fruits averaged over 4 representative branches (diameter, 1.5-2.0 cm) and then multiplying this value by the number of similar-sized fruiting branches. The number of ripefruit representative branches was counted on every visit. We estimated the availability (g/m 2 ) of fruits for each month (Martinoli et al. 2001 ).
Statistical analyses.-All analyses were performed in R version 2.6.1 (R Development Core Team 2007). Lack of normality required nonparametric tests to examine dietary variation. Shannon's (Pielou 1966 ) diversity index (H9) and Levins' (1968) index (B 5 1/gp i 2 , where p i is the percent biomass of a given item) provide useful indicators of food diversity and niche breadth and were used to examine temporal variation. For each sample, H9 was calculated using the proportion of biomass estimate of each species present in the sample. Spearman correlations (r s ) then were applied to quantify the relationship between food types ingested by martens and relative abundance in the foraging area.
If food types were exploited disproportionately from abundances, we considered this use to be selective (Cantú-Salazar et al. 2005) . Such food selection was tested using 2 approaches.
Ivlev's electivity index (D), modified by Jacobs (1974) , was calculated as D 5 (n 2 p)/(n + p 2 2np), in which n and p are the proportions of food items in the diet and their relative abundance in the foraging area, respectively. Index D can vary from 21 (total avoidance of food items) through 0 (proportional use to its presence) to 1 (maximum possible selection).
The Bonferroni simultaneous-confidence-interval approach of Byers et al. (1984; see also Cherry 1996 ) also was applied to assess which food items were selected preferentially, with a 0.05 (Cantú-Salazar et al. 2005) . Based on the principal available food items in the martens' habitat, these analyses were restricted to small mammals and fruits.
RESULTS
Diet composition and variation.-The majority of feces (238 of 276) were collected in transects. The diet of yellowthroated marten was diverse, with 53 food types and 603 food items identified. Overall mammals (predominantly rodents) were the principal dietary component (PO, 44.6%; RPO, 21.2%; and PB, 41.4%), followed by fruits (PO, 43.5%; RPO, 39.8; and PB, 23 .9%) and invertebrates, predominantly insects (PO, 51.8%; RPO, 30.7%; and PB, 1.3%). Birds were found in 6.2% of samples, wherein they represented 28.6% of the total consumed food biomass. Snakes, frogs, leaves, flowers, cortexes, and buds were recorded in 8.7% of feces (RPO, 5.3%; and PB, 4.8%; Table 1 ).
The marten's diet was characterized by marked variation over time of all food types (Fig. 1) . Although small mammals were eaten regularly throughout the year, consumption of this food type was not consistent and represented the most important component in the marten's diet only from sample periods during the later winter, spring, and summer months of January-August (PO . 50%; RPO and PB . 30%, except for RPO in August). Fruits predominated in samples collected during sampling periods in the autumn and winter months of September-January (PO . 35%; RPO and PB . 25%) when they were abundant. Invertebrates and snakes were represented frequently from sampling periods in the spring, summer, and autumn months of April-October. In contrast to the consistent pattern of small mammal consumption, bird remains were present in the feces sampled only during sampling periods in the later winter, spring, and summer months. Frogs and nonfruit plant materials occurred only in sampling periods in the spring and summer months of AprilSeptember.
Trophic diversity and niche breadth.-We calculated trophic diversity and niche breadth excluding 7 fecal samples that included carrion, eggs, and lagomorphs for which we did not have estimated fresh biomass data. Trophic diversity (H9) per sample averaged 0.45 6 0.53 SD (range 0-2.01). In general, trophic diversity (H9 . 0.5) from sampling periods in the autumn and early winter months of September-December in 2005 (i.e., period of high fruit abundance) was higher than during sampling periods in other months (Fig. 1) . Monthly trophic niche breadth (B) varied between 1.05 and 3.19 (X 5 2.08; Fig. 1) .
Food abundance compared to consumption.-A total of 21 small mammal species (including 13 murid rodents, 3 squirrels, and 5 species of Soricomorpha) were recorded by the trapping regime. The biomass of small mammals present in the environment varied between months and reached its peak during sampling periods coinciding with the interval JulyDecember (density . 15 g/m 2 ). The consumed biomass of small mammals was correlated negatively with their abundances across months (r s 5 20.583, n 5 14, P 5 0.029; Fig. 2) .
Overall, Apodemus spp., Rattus spp. and Eothenomys spp. were positively and significantly selected in the yellowthroated marten's diet compared to their relative abundance in the wild, but Niviventer fulvescens, N. confucianus, and Soricomorpha were underrepresented. Leopoldamys edwardsi, Berylmys bowersi, and squirrels were consumed in equal proportion to their abundance (density) in the foraging area (Fig. 3) . The environmental biomass of the 12 principal dietary fruits (Table 1) were most abundant during the autumn and early winter months of September-January, and the marten's diet reflected this abundance profile (r s 5 0.922, n 5 17, P , 0.001; Fig. 2 ). Among these 12 principal fruit species 5 were positively and significantly selected in the marten's diet, and 3 were consumed less than would be expected from their environmental abundance. No significant statistical difference was detected in the utilization of other fruit species relative to their environmental abundance (Fig. 3) .
Dietary switching.-The percentage of small mammal biomass comprising the marten's diet and fruit abundance in the environment correlated negatively across all months (r s 5 20.659, n 5 17, P 5 0.004). The percentage of consumed biomass of small mammals peaked when small mammals were least abundant in the environment; however, this coincided with the period during which fruits also were very rare. The percentage of consumed biomass of fruits, however, was correlated positively with the biomass of small mammal abundance in the environment (r s 5 0.689, n 5 14, P 5 0.004; Fig. 2 ). The extent of selectivity in the diet relative to abundance varied temporally. For example, fruits were disproportionately common in the diet relative to small mammals among fecal samples collected during autumn sampling periods, when fruits were abundant in the environment. By contrast, when small mammals were at temporal lows in abundance and fruit were very rare, selection of small mammals was relatively greater (Fig. 2) . The amount of fresh consumed biomass of small mammals did not deviate significantly from the environmental abundance for all months (r s 5 20.264, n 5 14, P 5 0.181). However, the highest fresh biomass consumption occurred in spring sampling periods, coincident with the lowest environmental biomass of small mammals. The lowest biomass occurred in autumn sampling periods, coincident with the highest environmental biomass for small mammals. By comparison, fruit biomass eaten by martens was linked closely to environmental abundance (r s 5 0.930, n 5 17, P , 0.001) and peaked in the autumn months of September-November when the environmental abundances of both small mammals and fruits were at their greatest. Similarly, the total fresh consumed biomass was highest in samples collected during autumn months (Fig. 2) . These results indicate that, in response to temporal variation in food abundance, yellow-throated martens switched their focus between small mammals and fruits as the abundance of fruit biomass fluctuated (Fig. 2) .
DISCUSSION
Other studies have described the diet of yellow-throated martens superficially (Bromley 1973; Tsai 2007) , but this is the 1st to consider dietary variation systematically in response to temporal fluctuations in resource abundance. We take care here not to conflate abundance with ''availability'' where the latter refers to how easily prey can be captured and consumed.
Yellow-throated martens eat a wide variety of foods and are fundamentally omnivorous carnivores; however, they also showed the capacity for temporal dietary specialism. They did not simply track the abundance of food resources passively in their environment, although fruit was present throughout all sampling periods in this subtropical environment. In this study population yellow-throated martens demonstrably preferred fruits to rodents when both were at peak abundance, arguably due to the established higher energetic profitability of the former (i.e., easier to obtain- Martinoli et al. 2001; Rosellini et al. 2008) or from lower risks of injury than incurred by securing rodent prey (e.g., resistance from larger rats and arboreal pursuit of squirrels). Although fruits have relatively low protein content, the ease with which fruit can be procured, relative to time and effort invested, might allow yellow-throated martens to meet minimal protein requirements (Rode and Robbins 2000) while maintaining a positive energy budget (Larivière et al. 2001; Remonti et al. 2007 ). This dietary switching behavior indicates that yellow-throated martens can adapt to fluctuations in resource availability, similar to other species of Martes (BenDavid et al. 1997; Rödel and Stubbe 2006) , allowing martens to exploit a wide biogeographic range (Zhou et al. 2011 ), but these mechanisms are subject to tactical adaptations, which results in the individual being better suited for its environment, and biases according to species and habitat.
Traits of a food resource, such as abundance and accessibility, influence foraging decisions made by predators, consequently temporal variation in food habits is common in generalist carnivores and usually reflects fluctuations in resource abundance (Cantú-Salazar et al. 2005; Jędrzejewski and Jędrzejewska 1992; Martinoli et al. 2001 ). Other studies have made similar observations of discord between the representations of foods in the environment and the diet (e.g., red fox [Vulpes vulpes]-Jędrzejewski and Jędrzejewska 1992 and pine marten [Martes martes]- Rosellini et al. 2008) .
Although opportunistic by necessity in the consumption of fruit, yellow-throated martens selected specific fruits and small mammals. Soricomorpha and 2 species of rats (N. fulvescens and N. confucianus) were underrepresented in the diet (Fig. 3) . The avoidance of insectivorous mammalian prey is widespread and generally attributed to their unpalatability (Macdonald 1977) . The underrepresentation of Niviventer spp. could be due to their arboreal agility (Lin and Yu 1987) . Conversely, Eothenomys spp. were selected, as were Apodemus spp. and Rattus spp. This selectivity was observed to coincide with the seasonal decomposition of concealing leaflitter cover in the winter and spring, making these small prey (Gosse and Hearn 2005) easier to find and hence more vulnerable to predation (Ray 1998) . Most dramatic, however, was the disproportionate representation of fruit (from sampling periods in autumn), which also has been reported in other generalist carnivores (Rosalino and Santos-Reis 2009) . This selectivity for fruit has been attributed variously to a response to taste (such as sweetness), nutritional preference (Bermejo and Guitian 2000) , gape limitation (Jordano 2000) , or the trade-off between seed size and reward (Stevenson et al. 2005) .
In summary, the diet of yellow-throated martens in our study was broadly consistent with other members of this genus; that is, a preference for small mammals, invertebrates, and fruits, with rarer consumption of herpetofauna and birds (Clevenger 1994; Martin 1994; Zhou et al. 2011 ). However, we reveal a pattern not reported for other members of this genus; yellow-throated martens exhibited a clear preference for fruits when fruit abundance reached its temporal maximum in the environment (samples from the autumn) even though this was synchronous with a concomitant peak in small mammal abundance, indicating that fruit abundance was a more important factor driving feeding patterns than the abundance of small mammals. Thus, these martens act not only as predators but also play a significant role as fruit eaters and seed dispersers in the study area (Zhou et al. 2008b ).
